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ABSTRACT 
 Sooty blotch and flyspeck (SBFS) is a disease complex caused by nearly 80 
fungal species that blemish the surface of apple fruit, reducing crop value in humid 
regions worldwide. The severity of SBFS is a concern for apple producers in northeastern 
Turkey. However, the composition of the SBFS complex in Turkey is unknown. 
Therefore, the first objective of my research was to isolate and characterize the species 
assemblage from SBFS infected apples collected in 2008 from the Rize Province, in 
Turkey. In this study, pressed SBFS colonies with subtending apple cuticle were shipped 
to Iowa State University for isolation. The internal transcriber spacer (ITS) ribosomal 
DNA and a portion of the 28S large subunit region (LSU) were compared to previously 
identified fungi using parsimony analysis. Twelve species were delineated based on 
parsimony analysis of ITS sequences and morphology. A newly discovered and described 
species from the survey was Scleroramularia abundans; newly discovered putative 
species included Zygophiala sp. FS3.3, Stomiopeltis spp. RS7.1 and RS7.2, and 
Chaetothyriales sp. F1. Previously recovered putative species included Zygophiala sp. 
FS6 and Stomiopeltis sp. RS4.1. Previously discovered and named SBFS species included 
Schizothyrium pomi, Zygophiala wisconsinensis, Microcyclosporella mali, 
Microcyclospora tardicrescens, and Peltaster fructicola. Based on parsimony analysis of 
the LSU, one species was placed in the subclass Chaetothyriomycetidae and 11 species 
were placed in subclass Dothideomycetidae. Ten species were placed in the order 
Capnodiales. This study provided the first documented description of the composition 
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of the SBFS complex from Turkey and expanded the documented extent of genetic 
diversity of the SBFS complex worldwide.  
The second objective of this study was to evaluate a SBFS disease-warning 
system for the Upper Midwest in replicated field trials conducted in Iowa in 2010 and 
2011. The Gleason-Duttweiler warning system uses cumulative hours of relative 
humidity (RH) to predict the timing of first appearance of SBFS signs. The trial 
compared on-site RH measurements with site-specific RH estimates as system inputs, 
and also compared strobilurin-containing fungicides with a tank mix of thiophanate-
methyl plus captan when used in conjunction with the warning system. Using on-site 
RH measurements, the warning system saved three and two fungicide applications in 
2010 and 2011, respectively, compared to calendar-based spray timing, while providing 
statistically equivalent control of SBFS. Using site-specific RH estimates substantially 
underestimated hours of RH, resulting in a control failure in 2010. In 2011, after 
improving accuracy of the site-specific estimation system, 3 fungicide applications were 
saved compared to the calendar-based treatment while providing equivalent control of 
SBFS. Strobilurin-containing fungicides resulted in equivalent or better control of SBFS 
than thiophanate-methyl plus captan in the warning-system treatments. This study was 
the first field evaluation of a relative humidity-based SBFS disease-warning system 
while providing the first efficacy data for multiple fungicides and suggestions of 
alternative RH thresholds to obtain more consistent and reliable warning system 
performance in the future.
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CHAPTER 1. GENERAL INTRODUCTION 
 
THESIS ORGANIZATION 
 This thesis is composed of an abstract and four chapters. The first chapter 
presents the rationale and objectives of the research, provides a general overview of 
sooty blotch and flyspeck (SBFS), and discusses the basis of SBFS disease-warning 
systems and their use to control SBFS. The second chapter, a manuscript published in 
European Journal of Plant Pathology, describes a survey study of SBFS infected apples 
from Turkey. The third chapter, a manuscript submitted to Plant Health Progress, 
describes a two-year field evaluation study of a disease-warning system for SBFS in 
Iowa. The last chapter summarizes the presented research of the thesis and discusses 
the major conclusions. 
 
LITERATURE REVIEW 
Sooty blotch and flyspeck is a fungal disease complex that blemishes apple 
(Malus x domestica Borkh.) fruit in humid regions worldwide (Batzer et al. 2005, 2008; 
Gleason et al. 2011, Williamson and Sutton 2000). Usually becoming visible during the 
mid- to late growing season (Gleason et al. 2011, Belding 2000), SBFS fungi appear as a 
continuum of colony morphologies from dark irregular blotches of mycelia to clusters 
of sclerotium-like bodies (Gleason et al. 2011). Although SBFS fungi do not penetrate 
the cuticle (Johnson et al. 1997, Belding 2000), colonies on the fruit are generally 
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unacceptable to consumers, preventing fresh market sale. Resulting economic losses 
can exceed 90% in eastern North America (Williamson and Sutton 2000, Batzer et al. 
2002). All apple cultivars are susceptible; however, SBFS symptoms are generally more 
visible on light-skinned cultivars and more severe on later-maturing cultivars 
(Williamson & Sutton, 2000). 
Taxonomy 
In 1832, Schweinitz described SBFS as being caused by a single species, Dothidea 
pomigena (Schw.). After a series of reclassifications, a comprehensive study done by 
Colby (1920) indentified two different fungi Gloeodes pomigena (Schw.) Colby and 
Schizothyrium pomi (Mont. & Fr.) Arx (anamorph Zygophiala jamaicensis Mason) as 
being the respective causal agents of “sooty blotch” and “flyspeck”, respectively. The 
morphological term “sooty blotch” refers to a mat or masses of dark mycelium with or 
without dark, rounded structures embedded in the mycelium, while the term “flyspeck” 
refers to clusters of several to hundreds of small black specks with no visible mycelium 
between the specks (Gleason et al. 2011, Williamson and Sutton 2000). Sooty blotch 
was then divided into distinct mycelial types or signs first described by Colby (1920) and 
further characterized by Groves (1933) as ramose, punctate, fuliginous, and rimate. 
Mycelial types were subsequently accepted and noted as variability within Gloeodes 
pomigena (Hickey 1960, Sutton and Sutton 1994). More recently, Sutton and Sutton 
(1994) and Johnson et al. (1996) identified at least three different causal agents of 
sooty blotch as Peltaster fructicola (E.M. Johnson et al.), Leptodontium elatius (g. 
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Mangenot) de Hoog), and Geastrumia polystigmatis (Batista & M. L. Farr) from apple 
fruit in North Carolina.  
The identification of SBFS fungi based on morphological criteria alone proved to 
be impractical since the majority of species rarely sporulate and, because they grow 
slowly in culture, most are difficult to isolate and maintain (Hickey 1960, Johnson et al. 
1997, Batzer et al. 2005, Díaz Arias et al. 2010). The eventual discovery that SBFS is a 
highly diverse complex of fungi was slowed by the fact that many species share the 
same mycelial phenotypes on fruit; that is, they are cryptic species. In addition to 
mycelial types described by Colby (1920) and Groves (1933), new SBFS mycelial types 
have been proposed (Batzer et al. 2005, Gleason et al. 2011). Rimate mycelial type was 
re-described as ridged honeycomb by Batzer et al.( 2005), compact speck, discrete 
speck, and fleck were proposed as newly described mycelial types (Batzer et al. 2005, 
Gleason et al. 2011). Based on current evidence, mycelial type on the apple fruit is a 
consistent character within each SBFS species (Batzer et al. 2005, Gleason et al. 2011). 
However, as stated, multiple species may share the same mycelial type. For example, 
six species of the recently described genus Scleroramularia and putative species Yeast 
sp. CS1 are distinguished phenotypically on host substrata as the compact speck 
mycelial type (Batzer et al. 2005, Li et al. 2010). In fact, as many as 20 SBFS species can 
share the same mycelial type on apple fruit (Díaz Arias et al. 2010). The consistency of 
mycelial type within SBFS species can be used as a tool to aid in differentiating putative 
species (Batzer et al. 2005, Díaz Arias et al. 2010, Li et al. 2012), categorizing peel 
4 
 
subsamples ( Díaz Arias et al. 2010, Batzer et al. 2012, Mayfield et al. 2013), evaluating 
diversity in the field (Arias et al. 2010, Batzer et al. 2012), and distinguishing mixed 
colonies when sampling (Batzer et al. 2005, Batzer et al. 2012, Ismail et al. 2010, 
Mayfield et al. 2013).  
A more diverse picture of SBFS taxonomy began to emerge when a shift was 
made from relying solely on traditional methods of morphological description to 
including genetic sequence evidence to delimit cryptic species. Because of the 
conserved and variable regions of ribosomal DNA, it has been used to determine 
distinct phylogenetic relationships of fungi at multiple taxonomic levels (Hillis and Dixon 
1991, Kusaba and Tsuge 1995, Batzer et al. 2005, Nilsson et al. 2006, Li et al. 2012). The 
internal transcribed spacer (ITS) region, specifically the non-coding regions ITS I and ITS 
II, between 18S and 5.8S and the 5.8s and 28S rDNAs, respectively, is the most widely 
used locus for the evaluation of phylogenetic relationships within and among SBFS 
species (Batzer et al. 2005, Díaz et al. 2010, Zhang et al. 2009, Li et al. 2012). The 28S 
large subunit (LSU) of rDNA has been used to classify SBFS fungi to genus and higher-
order phylogeny (Batzer et al. 2005, Crous et al. 2009, Yang et al. 2010). 
It was predicted that further studies of SBFS biodiversity around the globe 
would likely lead to additional species (Williamson and Sutton 2000). A method of 
species delineation adapted from Harrington and Rizzo (1999), in which morphological, 
physiological, ecological, or other phenotypic evidence in addition to phylogenetic 
analysis of rDNA sequences was used in two surveys of 14 central and eastern U.S. 
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states that documented at least 60 putative species caused the same SBFS signs on 
apple (Batzer et al. 2005, Díaz et al. 2010). The majority of described SBFS species fall 
into two classes of Ascomycetes, about 95% of which are in the class Dothideomycetes, 
in the order Capnodiales (Batzer et al. 2005, 2008, Díaz Arias et al. 2010, Frank et al. 
2010, Hao et al. 2012, Johnson et al. 1996, Li et al. 2010, 2011, 2012, Ma et al. 2010, 
Yang et al. 2010, Zhai et al. 2008, Zhang et al. 2007, 2009).      
Recent studies of SBFS fungi in Serbia (Ivanović et al. 2010), Poland (Wrona and 
Grabowski 2004), China (Li et al. 2010, 2011, 2012, Hao et al. 2012, Ma et al. 2010, Yang 
et al. 2010), the United States (Batzer et al. 2005, Díaz Arias et al. 2010), Germany and 
Slovenia (Frank et al. 2010) have concluded that SBFS is a disease complex of at least 80 
putative and named species, and expanded knowledge of worldwide diversity in the 
complex. To date, however, less than half of these taxa have been assigned Latin 
binomials. The resolution of SBFS taxa with near identical ITS sequences has been 
improved by including additional gene sequences in delineating new species. For 
example, partial translation elongation factor 1-alpha (TEF) gene sequences have been 
used in recent studies in which four new genera - Microcyclosporella, Microcyclospora, 
Scleroramularia, Pseudoveronaea – were described, containing 11 new SBFS species 
(Frank et al. 2010, Li et al. 2011, 2012). Currently more than 20 genera - 
Scleroramularia, Peltaster, Dissoconium, Pseudoveronaea, Uwebraunia, 
Ramichloridium, Houjia, Passalora-like, Phaeothecoidiella, Sporidesmajora, 
Stomiopeltis, Colletogloeopsis-like, Ramularia, Zasmidium, Microcyclosporella, 
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Pseudocercospora, Schizothyrium, Zygophiala, Devriesia, Microcyclospora, Geastrumia, 
Phialophora, Strelitziana, Leptodontidium, Diatractium-like, Scolecobasidium, and 
Wallemia – that have been reported to be associated with SBFS (Batzer et al. 2012, 
Gleason et al. 2011, Li et al. 2012). Based on preliminary results of ongoing surveys in 
Norway, Germany, Brazil, and Spain it is likely that the number of putative SBFS species 
will continue to rise (J. C. Batzer, personal communication).  
Ecology 
The epicuticular waxes of the apple cuticle provide mechanical support for SBFS 
fungi. Using electron microscopy, Belding et al. (2000) observed that hyphae of 
Zygophiala jamaicensis appear submerged into epicuticular wax; however, there is no 
evidence that SBFS fungi penetrate the fruit cuticle (Johnson 1994). Wrona (2004) 
reported that the first appearance of SBFS colonies on maturing apples began during 
ripening as the concentration of sugars increased on the fruit surface. Belding et al. 
(2000) reported that SBFS fungi could not grow on any component of the epicuticular 
wax unless amended with diluted apple juice, providing evidence that SBFS fungi could 
not develop on cuticle components alone. Observed differences in colony morphology 
(Batzer et al. 2010) and conidial germination (Belding et al. 2000) among SBFS species 
in response to the presence of apple juice support the hypothesis that growth of SBFS 
colonies is dependent on the availability of nutrients in the form of sugar exudates. 
Research assessing environmental influences on the development of SBFS fungi 
is limited to a few species. Although mycelial growth occurs over a wide range of 
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temperatures, temperatures ranging from 20 to 25°C are generally most favorable for 
SBFS development (Brown and Sutton 1995, Batzer et al. 2010, Cooley et al. 2007). 
Recent in vitro studies of six SBFs species showed that species differ significantly in 
their growth response to temperature (Batzer et al. 2010). For example, Dissoconium 
aciculare had a significantly faster growth rate at 10-15°C compared to other species 
tested. Understanding temperature tolerances of SBFS species will provide a better 
understanding of which species assemblages predominate over the course of a growing 
season in an orchard, as well as geographically across climatically distinct regions 
(Gleason et al. 2011).  
In a study by Díaz Arias et al. (2010) documenting the taxonomic diversity and 
distribution of SBFS fungi in 39 Eastern and Midwestern U.S. apple orchards, the 
number of species and Shannon and Margalef diversity indexes were significantly lower 
in orchards that received conventional fungicide sprays than in unsprayed orchards. 
SBFS species can vary at least 10-fold in their sensitivity to widely used fungicides such 
as thiophanate-methyl (Tarnowski et al. 2003). In addition to possessing distinct 
responses to nutrients and temperature, SBFS species within an orchard can vary 
greatly depending on fungicide regime. SBFS species also have distinct region-specific 
geographic patterns (Díaz Arias et al. 2010). For example, Geastrumia polystigmatis and 
Phialophora sessilis are limited to the eastern U.S., whereas Schizothyrium pomi and 
Peltaster fructicola are more cosmopolitan species (Díaz Arias et al. 2010). To date, the 
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underlying factors contributing to the region-specific nature of certain SBFS species are 
not well defined.  
Multiple studies in the United States (Batzer et al. 2012, Ismail et al. 2010) 
Brazil, (Spolti et al. 2011) and Europe (Grabowski and Wrona 2004, Mayr 2010) have 
concluded that colonies of SBFS fungi appear on apples at characteristic times 
throughout the growing season. A recent study by Batzer et al. (2012), utilizing an RFLP 
method (Duttweiler et al. 2008), discovered that the colonies of Stomiopeltis spp. RS1 
and RS2 consistently appeared first and Dissoconium aciculare generally appeared last 
in Iowa apple orchards and that the pattern was consistent among years. This same 
study also found epidemics of the three most abundant and prevalent SBFS species in 
Iowa were monocyclic. Evidence that SBFS epidemics are monocyclic has also been 
reported in Europe (Trapman 2004) and Brazil (Spolti et al. 2011). Pathogens that are 
monocyclic rely upon initial inoculum levels since there is little to no secondary spread 
of the pathogen among fruits or among trees (Batzer et al. 2012).  
Currently, little information is known about sources of initial inoculum for 
specific SBFS species. Cooley et al. (2007) reported that the timing of Schizothyrium 
pomi ascopore production on common blackberry (Rubus allegheniensis) was driven by 
air temperature and occurs in the spring, early on in apple fruit development. It was 
speculated that conidia, not ascospores, developing later in the growing season on 
blackberry and other hosts served as the primary inoculum of S. pomi (Cooley et al 
2007).  Although studies have found SBFS on many alternative hosts (Gleason et al. 
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2011), pinpointing sources of initial inoculum of most SBFS species in orchards has 
made little progress. A clearer understanding of the diversity, geographic range, 
ecology, and epidemiology of local and regional SBFS fungi may ultimately lead to 
development of more effective, region-specific management strategies for SBFS.  
SBFS management 
Conventional SBFS management in the eastern half of the U.S., including Iowa, 
traditionally combines cultural practices and preventative fungicide applications. Free 
moisture is required for conidia and colony germination and growth (Johnston et al. 
1997); therefore, summer pruning promotes rapid canopy drying and creates less 
favorable conditions for SBFS development, while also enhancing spray penetration 
into the canopy, which increases fungicide efficacy (Cooley et al. 1997). A significant 
reduction of SBFS blemishes has been reported using a combination of postharvest 
chlorine bleach dip or fruit soap and brushing (Batzer et al. 2002, Hendrix 1991). In 
most of the northeastern quarter of the U.S., including Iowa, SBFS colonies become 
visually apparent late in the growing season; as a result, late-maturing cultivars are at 
highest risk of SBFS damage (Biggs et al. 2010, Colby 1920, Miñarro et al. 2013). 
Consequently, by choosing early- maturing apple cultivars, growers can minimize SBFS 
damage. Since cultural practices reduce but do not eliminate the risk of economic 
losses due to SBFS, most growers rely on preventative fungicide sprays to manage SBFS.  
SBFS management in the eastern half of the U.S. involves regularly scheduled 
fungicide applications every 10 to 14 days, from 7 to 10 days after petal fall until just 
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before harvest (Williamson and Sutton 2000).  Growers using preventative spray 
programs against SBFS can apply up to 9 fungicide sprays per season (Babadoost et al. 
2004, Mayfield et al. 2011). Although effective at controlling the disease, an intense 
program of calendar-based sprays is not sustainable.  Alternatives to calendar-based 
spray schedules are needed due to: increasing costs of pesticides and fuel, threats of 
further EPA restrictions to fungicides, a lack of development of new fungicide modes of 
action effective against SBFS, and toxicity of widely used broad-spectrum fungicides to 
non-target organisms (Cooley et al. 1997, Gleason et al. 2008, Kuchler et al. 1996, 
Williamson and Sutton 2000). Affordable and widely-used fungicides used to control 
SBFS, such as thiophanate-methyl and captan, are potential carcinogens posing 
significant human health risks. Fungicide sprays applied later in the growing season, 
when risk of SBFS development is highest, contribute most to pesticide residues on 
harvested apples (Kuchler et al. 1996, Batzer et al. 2002). More sustainable SBFS 
management alternatives to calendar-based spray programs are needed. 
Disease-warning systems 
Disease-warning systems are IPM decision tools that help growers apply a 
management action, often in the form of a fungicide spray, only when justified by risk 
of economic damage from a disease (Zadoks 1984, Gleason et al 2011). Whether a 
disease-warning system is empirically derived (based on correlations between weather 
variables and disease development) or fundamentally derived (results from cause-and-
effect relationships determined by controlled experiments), the most common 
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variables used to asses disease risk in warning systems are weather data inputs 
(Campbell & Madden et al. 1990, Gleason et al. 2008, Kim et al. 2006). Examples of 
common weather variables used in disease-warning systems include air temperature, 
rainfall, relative humidity and leaf wetness duration (Gleason et al. 2008, Hardwick 
1998). The success of implementing a disease-warning system is often increased when 
weather variables can be conveniently monitored (Kim et al. 2006, Magarey et al. 
2001).  
Site-specific weather estimation 
Growers face many problems when gathering on-farm weather data leading to 
unreliable weather data measurements as inputs to disease-warning systems (Magarey 
et al. 2001).  Ultimately, poor-quality weather data input results in disease control 
failures that can persuade growers to return to calendar-based management (Gleason 
et al. 2008). Site-specific weather estimation technology has the potential to simplify 
disease-warning systems by eliminating the need to purchase, maintain, and monitor 
weather variables, as well as providing forecast and summaries of past data (Gleason et 
al. 2008, Magarey et al. 2001). Systems such as those that utilize the Model Output 
Enhancement technique allow for local scale resolution of operate by taking upper air 
forecasts from a mesoscale numerical model and extrapolating them to the ground 
surface generating on-farm weather estimates, approximately 1 km2, using geophysical 
data (Magarey et al. 2001, Kelly et al. 1988). Site-specific technology combines 
Geographic Information Systems (GIS) and Global positioning Systems (GPS) with 
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mesoscale weather models and existing weather stations to generate estimates of 
weather conditions down to 1 km2 (Gleason et al. 2008, Magarey et al. 2001). 
Overcoming weather measurement obstacles with site-specific technology is an 
effective way to make disease-warning systems more reliable and convenient for 
growers.  
SBFS warning systems 
SBFS warning systems began empirically from the identification of weather 
variables that predicted the first appearance of visible colonies or signs on unsprayed 
apple fruit over multiple growing seasons (Cooley et al. 2011). To date three regional 
SBFS warning systems have been developed for the U.S. Each begins by tracking 
weather inputs once the apple trees are at or near flower petal fall, which precedes 
application of the first cover fungicide spray by 7 to 10 days (Midwest Tree Fruit Spray 
Guide, 2013). Brown and Sutton (1995) developed the first SBFS warning system for the 
Southeast U.S. by comparing seven years of leaf wetness duration (LWD) data to the 
timing of the first appearance of SBFS colonies on unsprayed fruit. The Brown/Sutton 
model began when the first-cover fungicide spray  is applied, and recommends applying 
the second-cover fungicide once 200 to 225 hours of LWD has been measured using 
deWit leaf wetness meters (Brown and Sutton 1995). In Kentucky, the Brown/Sutton 
warning system was later revised to a threshold of 175 hours using flat-plate electronic 
wetness sensors in the orchard canopy (Smigell and Hartman 1997).  Once the 
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threshold of 175 hours of LWD had accumulated, subsequent fungicide sprays were 
applied every 10 to 14 days until shortly before harvest.  
Rosenberger and Meyer (2007) developed a SBFS warning system for the 
Northeast U.S. based on the Brown/Sutton/Hartman model. The Rosenberger warning 
system inputs LWD and cumulative precipitation. After the petal fall spray, the first 
fungicide spray targeting SBFS was applied when 270 hours of LWD had accumulated. 
Later fungicide sprays until harvest were applied to allow no more than an additional 
270 hours of LWD when fruit are unprotected by fungicides. To use this model, the 
fungicide’s residual or effective period must be known. Rosenberger (1994) categorized 
the effective periods of fungicides based on time or rainfall from the most recent 
fungicide application.  
In the Midwest, the Brown/Sutton/Hartman warning system was evaluated in 
three states using LWD data derived from either a sensor placed within the orchard 
canopy or remotely estimated using a commercial service SkyBit, Inc., Bellefonte, PA 
(Babadoost et al. 2004). In on-farm demonstration trials, warning system using on-site 
LWD measurements sometimes resulted in significantly higher SBFS incidence relative 
to conventional calendar-based schedule. Furthermore, SkyBit remote estimates of 
LWD overestimated leaf wetness compared to on-site sensors. In a 2-year follow-up 
study in Iowa and Wisconsin, Duttweiller et al. (2008) indicated that relative humidity 
(RH) was a more accurate predictor than LWD of the timing of appearance of the first 
SBFS colonies on apples. A rationale for using RH in preference to LWD in the Upper 
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Midwest was that about 70% of wetness hours are caused by dew in this region, 
compared to about 30% in apple-growing regions of North Carolina, where the 
Brown/Sutton system was developed. Predominance of dew as a source of wetness is 
believed to accentuate measurement errors for LWD, which is highly sensitive to spatial 
differences, in comparison to RH, which is highly conserved spatially during dew 
periods (Duttweiler et al., 2008). Therefore, the so-called Gleason-Duttweiler warning 
system, based on RH, may be better suited to the climate of the Upper Midwest than 
LWD-based warning systems.  
Using region-specific SBFS warning systems may improve performance and 
increase commercial use; however, further field evaluation of the Gleason-Duttweiler 
warning system over multiple sites and years is needed before these input-reducing 
IPM tool can be recommended to growers in the Upper Midwest.    
 
THESIS OBJECTIVES 
The work presented in this thesis had two objectives: 1) assess the diversity of 
SBFS from Rize Province, Turkey and 2) evaluate the Gleason-Duttweiler disease-
warning system for SBFS in Iowa. 
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CHAPTER 2. DIVERSITY OF SOOTY BLOTCH AND FLYSPECK FUNGI FROM APPLES IN 
NORTHESTERN TURKEY 
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ABSTRACT 
Sooty blotch and flyspeck (SBFS) is a mid- to late-season fungal disease complex that 
blemishes apples and other tree fruit crops in humid regions worldwide. SBFS is a 
concern for apple growers in northeastern Turkey, but the composition of the SBFS 
species assemblage in Turkey is unknown. In this study, SBFS fungi were isolated from 
apples collected in 2008 in the Rize Province of northeastern Turkey. Pressed SBFS 
colonies with subtending apple cuticle were shipped to Iowa State University for 
isolation. Of 633 primary isolates from 148 apple peels, 87 cultures were purified, 67 
isolates were genetically characterized and 33 isolates examined for morphology. The 
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internal transcriber spacer (ITS) ribosomal DNA and a portion of the 28S large subunit 
region (LSU) were compared to previously identified fungi using parsimony analysis. 
Putative species were delineated from ITS sequences as well as morphology on apple 
and in culture.  Twelve species were delineated based on parsimony analysis of ITS 
sequences and morphology. A newly discovered and described species from the survey 
was Scleroramularia abundans; newly discovered putative species included Zygophiala 
sp. FS3.3, Stomiopeltis spp. RS7.1 and RS7.2, and Chaetothyriales sp. F1; previously 
recovered putative species included Zygophiala sp. FS6 and Stomiopeltis sp. RS4.1; and  
previously discovered and named SBFS species included Schizothyrium pomi, 
Zygophiala wisconsinensis, Microcyclosporella mali, Microcyclospora tardicrescens, and 
Peltaster fructicola. Based on parsimony analysis of the LSU, one species was placed in 
the subclass Chaetothyriomycetidae and 11 species were placed in subclass 
Dothideomycetidae. Ten species were placed in the order Capnodiales. These findings 
expand the documented extent of genetic diversity within the worldwide SBFS complex 
and are the first published description of the composition of the SBFS complex from 
Turkey. 
Keywords: Black Sea Region, epiphytic fungi, Malus, taxonomy, SBFS 
 
INTRODUCTION 
Sooty blotch and flyspeck (SBFS) is a fungal disease complex that impacts apple 
(Malus x domestica Borkh.) production in humid regions worldwide (Williamson and 
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Sutton 2000; Gleason et al. 2011). These fungi colonize the epicuticular wax layer of 
apple fruit and usually become visible during the mid- to late growing season (Gleason 
et al. 2011). Fungal thalli appear as a continuum of colony morphologies from dark 
irregular blotches of mycelia to clusters of sclerotium-like bodies (Gleason et al. 2011). 
Although SBFS damage is superficial, colonies on the fruit prevent fresh market sales, 
resulting in a reduction of crop value that can exceed 90% in North America 
(Williamson and Sutton 2000).   
In 1832, Schweinitz described SBFS as being caused by a single species, Dothidea 
pomigena. Colby (1920) identified Gloeodes pomigena as the causal agent of sooty 
blotch and Schizothyrium pomi as the cause of flyspeck. Sooty blotch was subsequently 
divided into distinct mycelial types by Colby (1920) and further described by Groves 
(1933) as variants of Gloeodes pomigena (Hickey 1960, Sutton and Sutton 1994).  More 
recently, it was shown that several different SBFS mycelial types on apple fruit were 
caused by different species; for example, Peltaster fructicola exhibited a punctate 
mycelial type, Leptodontidium elatius exhibited a fuliginous mycelial type, and 
Geastrumia polystigmatis caused a ramose mycelial type on apples. Subsequent studies 
of SBFS biodiversity around the globe have led to the discovery of many additional 
species. Using traditional morphology coupled with rDNA analysis, studies in Serbia 
(Ivanović et al. 2010), Poland (Wrona and Grabowski 2004), China (Li et al. 2010; Li et al. 
2011; Yang et al. 2010), Germany, Slovenia (Frank et al. 2010), and the United States 
(Batzer et al. 2005; Díaz Arias et al. 2010) found that the SBFS complex was comprised 
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of at least 80 putative and named species. On apple fruit, each SBFS species exhibits 
only a single mycelial type, but multiple species produce similar phenotypes on apple 
(Batzer et al. 2005; Gleason et al. 2011). Although individual SBFS species from Asia, 
Europe, and North America have been described, comprehensive regional biodiversity 
surveys have been limited to the United States and Serbia (Batzer et al. 2005; Díaz Arias 
et al. 2010; Ivanović et al. 2010).  These multi-orchard surveys have shown that some 
SBFS species are cosmopolitan in distribution, whereas others are limited to a single 
geographic region.  
Turkey is the third largest apple producer in the world after China and the 
United States, producing 2.6 million tons of fruit in 2010 (FAO 2012). Turkey is located 
relatively near the center of apple domestication in central Asia and is home to the wild 
Malus species M. orientalis, a close genetic relative of domesticated apple cultivars 
(Gharghani et al. 2009). Therefore, characterizing SBFS diversity in this region is an 
important component to understanding worldwide biodiversity patterns in the SBFS 
complex. Rize Province, located in the Black Sea Region of northeast Turkey, 
experiences higher rainfall than other apple-producing regions in the country, and 
therefore is at greatest risk of SBFS outbreaks. The objective of this study was to 
characterize diversity in the SBFS complex from the Black Sea Region of Turkey and 
describe the taxonomic relationship of SBFS fungi of Turkey to previously identified 
species worldwide. A preliminary report has been published (Blaser et al. 2010).  
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MATERIAL AND METHODS 
Isolates. Harvested apples showing SBFS signs were collected in September 
2008 from markets, orchards, and warehouses from Rize Province (41°01’N 40°31’E), in 
the Black Sea Region of Turkey, in order to obtain as wide a range of regional diversity 
as possible. Apple peels exhibiting multiple colonies of SBFS were excised, pressed, and 
photographed at University of Ankara (Ankara, Turkey), then mailed in November 2008 
to Iowa State University (Ames, Iowa, USA) for isolation. From 148 peels, 633 primary 
isolations were made from non-overlapping SBFS colonies (Batzer et al. 2005). Under a 
dissecting microscope, each SBFS colony was subdivided into four quadrants and a 
subsample of mycelium was transferred to water agar amended with 1.25 ml/L of 50% 
lactic acid (AWA) (Becton Dickinson, Sparks, Maryland, USA) and incubated for 3 to 6 
wk at 21 to 24 C under ambient light. After quadrants from each colony on AWA were 
inspected for uniformity, 238 isolates were transferred to potato dextrose agar (Difco 
Laboratories Inc., Detroit, Michigan, USA) acidified with 40 drops of 50% lactic acid per 
liter (PDAL). A total of 87 purified isolates were stored in 15% glycerol at -80°C. 
Polymerase chain reaction and sequencing. Template DNA for PCR was 
extracted from 4- to 6-wk-old cultures grown on PDA by scraping mycelia with a sterile 
pipette tip and transferring the mycelia into 50 ul of PrepMan Ultra Sample Reagent 
(Life Technologies, Carlsbad, California). The internal transcribed spacer (ITS) region of 
the ribosomal DNA (ITS1, 5.8S rDNA gene, ITS2) from one to three isolates of each 
mycelial type on PDA was amplified by PCR (Batzer et al. 2005) and sequenced using 
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primer pair ITS-1F/ITS4 (White et al. 1990); a total of 67 sequences were obtained. 
After isolates with identical ITS sequences were grouped, one or two representative 
isolates from each clade were selected for further examination of conidial characters 
and colony morphology. In addition, for each clade identified by parsimony analysis of 
the ITS region, a portion of the 28S (large subunit, LSU) rDNA gene was amplified and 
sequenced using primer pair LROR/LR5 (Vilgalys and Hester, 1990).  PCR reaction 
conditions, purification, and sequencing of PCR products were as described in Batzer et 
al. (2005). 
Putative species designation. Sequences were manually aligned in BioEdit (Hall, 
1999) using all ITS sequences obtained from this survey as well as previously identified 
ascomycete taxa, including SBFS fungi identified during past surveys (Batzer et al. 2005; 
Díaz Arias et al. 2010; Frank et al. 2010; Ivanović et al. 2010; Li et al. 2010; Li et al. 2011; 
Wrona and Grabowski 2004; Yang et al. 2010) were downloaded from NCBI GenBank 
sequence database using a BLASTn search. Previously isolated taxa from Mark 
Gleason’s personal collection (GPC) at Iowa State University were also included. In 
order to obtain unambiguous alignments, sequences were placed into one of six 
groups, each of which aligned sequences of species within a taxonomic family. 
Maximum parsimony analysis (PAUP version 4.0b10; Swofford 2002) trees were used to 
cluster isolates into clades. Alignable gaps were treated as a “fifth base.” Clades were 
designated as putative species based on strict consensus and bootstrap analysis of 
1,000 replications.   
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Putative species delineated from ITS parsimony analysis were corroborated 
using phenotypic characters.  Morphology of one or two representatives from each 
putative species was examined, for a total of 33 isolates. Mean diameter growth of 
colonies was determined on 1.5% malt extract agar (MEA) after 4 wk at 24 C in 
darkness (Batzer et al. 2005). Colony color and appearance were described after 4 wk 
of growth in ambient light on PDA at ambient room temperature. Colony color was 
described using the color plates of Ridgeway (1912). Surface texture, margins, colony 
shape, presence of aerial mycelium, and presence of soluble pigment was also noted. 
Conidia were obtained from 5- to 10-day-old growth on carnation leaf agar (CLA) under 
fluorescent light at ambient room temperature (Fisher et al. 1982).  Samples were 
mounted in lactic acid and 95th percentiles were recorded of 20 measurements 
(wherever possible at x1000 magnification) of conidia length and width, with range of 
measurements given in brackets. 
Putative species were placed in subclass, order and sometimes family based on 
analysis of the 28S large subunit (LSU) region of rDNA.  Partial sequences (844 bp) of 
the LSU from selected isolates of each putative species were aligned with previously 
identified SBFS species and other fungal species obtained from GenBank. The tree was 
rooted to Peziza vesiculosa Bull. Taxa with identical LSU sequences were eliminated 
from the data block, reducing the number of distinct taxa to 12. Heuristic searches in 
PAUP were conducted with random sequence addition and tree bisection-reconnection 
(TBR) branch swapping algorithms, collapsing zero-length branches, and saving all 
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minimal length trees. Maxtrees was set at 10,000. Alignable gaps were treated as 
missing data. Unalignable regions totaling 42 bp were eliminated from the data set.  All 
characters were given equal weight. To assess the robustness of clades and internal 
branches for data sets, a strict consensus of the most parsimonious trees was 
generated and a bootstrap analysis of 1,000 replications was performed.    
 
RESULTS 
Twelve SBFS species were delineated from this survey; five were newly 
discovered whereas the remaining seven had been isolated previously from SBFS 
infected apples from other geographic regions (Table 1).  Parsimony analysis of the LSU 
region of the rDNA revealed that 11 species were in the Dothideomycetes and one 
species resided in the Eurotiomycetes. The LSU data set contained 76 taxa, including 
outgroup Peziza vesiculosa (NG027570), and 844 characters of which 264 were 
parsimoniously informative, 59 were variable and uninformative, and 480 were 
constant. Parsimony analysis of the LSU resulted in 1,064 equally informative trees, one 
of which is shown in Figures 1a and 1b. Chaetothyriales sp. F1 grouped with an 
undescribed Chaetothyriales species with 100% bootstrap support. Two other 
previously identified species of SBFS, Phialophora sessilus, and Leptodontidium elatius, 
were also placed in the order Chaetothyriales with 100% bootstrap support (Fig1a).    
Eleven species were placed in the class Dothideomycetes. Scleroramularia 
abundans could not be placed at the subclass level (Fig 1a). The remaining 10 species 
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resided in subclass Dothideomycetidae and clustered with the order Capnodiales with 
bootstrap support of 91%. Within Capnodiales, Peltaster spp. formed a strongly 
supported clade (99% bootstrap support) (Fig 1a).   The remaining Capnodiales species 
were placed in four families (94% bootstrap support) (Fig 1b). Microcyclospora spp. 
formed a distinct clade (100% bootstrap support) with the family Teratosphaeriaceae 
(94% bootstrap support). Schizothyrium pomi and four Zygophiala anamorphs formed a 
strong clade (100% bootstrap support) in the family Schizothyriaceae. Three 
Stomiopeltis-like spp. grouped within the family Micropeltidaceae  (91% bootstrap 
support). Microcyclosporella spp. grouped with 84% bootstrap support within the 
family Mycosphaerellaceae. Based on the LSU analysis, the 67 isolates in this study 
were placed into one of six clades and ITS sequences were used to delineate putative 
species.   
 
Subclass Chaetothyriomycetidae; Order Chaetothyriales. 
Since the ITS sequence of isolate T65D1b could not be unambiguously aligned 
with sequences of known fungal species and previously identified SBFS isolates, a 
parsimony tree was not generated.  A BLASTn search revealed the closest identities to 
T65D1b were Chaetothyriales sp. NY6956a (HM992800) (588/604 bp (97%)) and 
Chaetothyriales sp. CN-Cre-Bol-4 (HQ634614) (636/707 bp (90%)). These fungi were 
previously described as an endophyte from rain forest plants and an ant-associated 
black yeast from Cameroon, respectively (Voglmayr et al. 2011). Colonies on PDA were 
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dark brownish/sooty black, loosely convoluted with black margins with edges that 
depressed the media 1-2 mm (Figure 2). Colony diameter on MEA ranged between 9.0-
22.0 mm after 4 wk (Table 1). Conidia of isolate T65D1b, designated as Chaetothyriales 
sp. F1, were septate scolecospores with a blunt apex, narrow base, subhyaline, and 
thick walled (13) 20.5-28.5 (45) x (2) 2.5-3 (3.5) µm (Figure 2).  
 
Class Dothideomycetes; Genus: Scleroramularia (anamorph) 
Isolates obtained in the present study were recently described as a new species 
(Li et al. 2011). Isolates from this anamorph genus have been recovered from the fruit 
surface of many crops, including winter squash, pawpaw and apple, in China and the 
U.S.  Six most parsimonious trees determined from ITS sequences grouped the two 
isolates of Scleroramularia abundans with 99% bootstrap support (Figure 3). On apple, 
S. abundans formed a compact speck mycelial type comprised of round to irregular, 
flattened, black sclerotium-like bodies.  Cultures on PDA were white to pale pink, 
surface cracks showed black interior, pale white-pink feathered margins and produced 
black sclerotia on the underside of the colony against the bottom of the plate (Figure 
4).  Diameter on MEA reached 19.0-21.5 mm after 4 wk on MEA (Table 1). The conidia 
of S. abundans were hyaline, straight to slightly curved, formed in chains, 0-3 septate, 
(16) 24.5-33 (50) x 1.5-2 (3) µm;  reduced conidiophores developed from erect, solitary, 
subcylindrical conidiogenous cells and could be distinguished by intercalary and 
terminal conidia (Figure 4).   
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Order Capnodiales; Genus: Peltaster (anamorph) 
The 12 most parsimonious trees grouped the six isolates with previously 
described SBFS species Peltaster fructicola with 98% bootstrap support (Figure 5). 
Isolates on PDA formed cream buff budding yeast with no visible mycelia during the 
first week of growth and became dark olive gray, wrinkly and velvety at four wk.  
Colony diameter on MEA ranged from 19.0-23.0 mm after 4 wk (Figure 6a). Conidia 
were (3) 6-8.5 (11) x (1.5) 2-3 (4) µm (Table 1), hyaline, unicellular, elliptic, produced 
successively on indistinct conidiophores on short mycelial strands (Figure 6). 
 
Order Capnodiales; Family Teratosphaeriaceae; Genus: Microcyclospora (anamorph) 
The six isolates grouped with the previously identified Microcyclospora 
tardicrescens from Slovenia (GU570541) (Figure 7). Colonies were iron grey in color, 
bumpy or ridged with uneven margins and produced a pale pink soluble pigment on 
PDA (Figure 8a). Isolate T78Dc1c reached 14.0-17.0 mm in diameter after 4 wk on MEA 
at 24C (Table 1). Conidia were scolecosporous, cylindrical, truncated, smooth, 
transversely 1- to multiseptate, (12) 19.5-27.0 (37) x 1.5-2.0 (2.5) µm (Figure 8b,c). 
Conidiophores were highly reduced to mono-polyblastic, light brown conidiogenous 
cells (Figure 8d).    
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Order Capnodiales; Family Micropeltidaceae; Putative teleomorph genus: 
Stomiopeltis-like 
The ITS sequences of these isolates grouped with previously identified species 
of uniloculate  (AY160170) and multiloculate (AY160162, AY160165, AY160168 and 
AY160172) Stomiopeltis spp. (Figure 9), and since the isolates were sterile in culture, a 
Stomiopeltis-like species designation was used. SBFS species in the Micropeltidaceae 
have all been associated with a ramose mycelial type on apple, and this was also 
observed for the present colonies on apple peels. The three most parsimonious trees 
clustered the 13 isolates into three well-supported putative species (Figure 9).  Seven 
isolates were grouped with a previously recovered putative species from Tennessee, 
Stomiopeltis-like sp. RS4.1, with bootstrap support of 75% and clustered with a 
uniloculate Stomiopeltis species. The six remaining isolates grouped with 100% 
bootstrap support, and within this cluster two isolates (T38A1c and T36A1b), 
designated as RS7.1, were sister to four isolates designated as RS7.2.   Isolates of RS4.1 
grew relatively slowly, reaching 12.0-16.5 mm in diameter on MEA after 4 wk (Table 1).  
On PDA, cultures of Stomiopeltis-like sp. RS4.1 were smooth, tough, and deep olive gray 
and also produced a yellow pigment. In contrast, isolates of Stomiopeltis-like sp. RS7.1 
and Stomiopeltis-like sp. RS7.2 produced reddish-clay colored pigment on PDA (Figure 
10). Isolates of Stomiopeltis-like sp. RS7.1 were velvety, flat, citrine drab color with light 
olive gray margins. The thin outer brownish olive ring that surrounded the margin of 
Stomiopeltis-like sp. RS7.1 was not present in Stomiopeltis-like sp. RS7.2, which was 
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velvety, grayish olive with olive gray margins on PDA. These putative species were also 
distinguished by differences in colony diameter on MEA. Stomiopeltis-like sp. RS7.2 
reached 25.0-29.0 mm in diameter on MEA after 4 wk at 24 C, whereas Stomiopeltis-
like sp. RS7.1 reached 20.0-22.0 mm (Table 1).  
 
Order Capnodiales; Family Schizothyriaceae; Genus: Schizothyrium (anamorph 
Zygophiala) 
Based on the single most parsimonious tree obtained from ITS sequences, 13 
isolates were delineated into four species (Figure 11). All Zygophiala isolates produced 
conidia on conidiophores arising from a hyaline supporting cell that gave rise to a 
twisted, dark brown, smooth stipe, a subhyaline, finely verruculose apical cell, and two 
laterally divergent, finely verruculose, pale brown, ovate conidiogenous cells bearing 
prominent ellipsoidal scars. Conidia were solitary, smooth-walled, granular, aseptate to 
transversely 1-septate and produced in pairs (Figure 12). A single isolate (T51A1a) 
grouped with a previously identified isolate of Schizothyrium pomi with strict consensus 
and a bootstrap support of 62%.  Morphology was consistent with that of the 
anamorph of S. pomi (Batzer et al. 2008); most notable was the long, tapered shape of 
the 2-celled conidia (Figure 12b), in contrast to the cylindrical and spherical conidia for 
the other Zygophiala species found in this study.  Six isolates Zygophiala sp. FS6 
grouped with an isolate obtained from Kentucky, U.S. with bootstrap support of 66%, 
and clustered this putative species with Zygophiala cylindrica with 99% bootstrap 
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support.  The growth of Zygophiala sp. FS6 isolates (14.0-17.0 mm in diameter) after 4 
wk on MEA differed from other closely related species (Table 1). Zygophiala sp. FS6 is 
morphologically distinct from Z. cylindrica by having smaller conidia (Figure 8d) (12) 
16.5-20 (25) x (3.5) 4.5-5.5 (7) µm (Table 1). Morphology on PDA was distinctive in 
having an olive gray center with an abrupt, submerged, white/cream colored margin 
and diffusible pale yellow-orange pigment (Figure 12c). Three isolates of Zygophiala sp.  
FS3.3 differed from Z. wisconsinensis by a single base pair (Figure 11); however, this 
species was readily distinguishable from Z. wisconsinensis by slower growth on MEA 
(22.0-28.0 mm) (Table 1).  Growth on PDA was flat to mounded, spreading with white 
aerial mycelium with large, white, arborescent, submerged margins producing a 
diffusible pale yellow pigment; whereas growth of Z. wisconsinensis was flat with 
regular margins, and lacked aerial mycelium and diffusible pigment (Figure 12).  
 
Order Capnodiales; Family Mycosphaerellaceae; Genus: Microcyclosporella 
(anamorph) 
 The 18 isolates clustered into three moderately to strongly supported clades 
(bootstrap support from 69 to 92%) and grouped with Microcyclosporella mali obtained 
from Slovenia, Serbia, Poland and the USA (Figure 13).  The highly variable phenotypic 
traits were not consistent with clades delineated by parsimony analysis of the ITS 
region. Most colonies on PDA were grayish olive, velvety, convoluted, mounded, pulling 
the media from the bottom of the plate, with olive grey to light yellow margins (Figure 
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14).  Diameter growth ranged from 6.0-21.0 mm after 4 wk on MEA (Table 1). Hyaline, 
intercalary conidiogenous cells formed from reduced conidiophores. Conidia were 
hyaline, smooth, tapered, 0-5 transversely septate, (15) 22-31 (48) x 2-3 (4) µm (Table 
1). Scolecospores developed multiple side branches resulting in highly branched 
conidial masses on PDA (Figure 14).  
 
DISCUSSION 
This study expands the documented range of genetic diversity within the SBFS 
complex and is the first information about the taxonomic classification of these fungi in 
the apple-producing regions of northeastern Turkey. This study also provides the first 
published evidence of five newly discovered SBFS putative species.  Additionally, seven 
fungi from the SBFS complex found in northeastern Turkey have also been found in 
Central and Southeastern Europe, East Asia, or North America.  
The most commonly isolated species in our survey was Microcyclosporella mali.  
This is among the most widely distributed species in northern and southeastern Europe 
as well as the eastern and central U.S. (Díaz Arias et al. 2010; Frank et al. 2010; Gleason 
et al. 2011; Ivanović et al. 2010). Peltaster fructicola is also widely distributed in these 
apple-growing regions.  In contrast, Microcyclospora tardicresens has been reported 
only from Slovenia (Frank et al. 2010). Interestingly, four distinct species of the 
anamorph genus Zygophiala, the cause of the flyspeck mycelial type, were recovered 
from this survey.  Previous surveys have suggested that Schizothyrium pomi is the 
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predominant species in Europe and North America (Batzer et al. 2005; Díaz Arias et al. 
2010; Frank et al. 2010; Gleason et al. 2011; Ivanović et al. 2010). A relatively large 
diversity of Schizothyrium spp. within a limited geographical region has not been 
observed previously. Besides Scleroramularia abundans reported here, Scleroramularia 
spp. had been documented previously only from China and North America (Li et al. 
2011). Our study also reported three putative Stomiopeltis-like spp. which had been 
reported only in North America (Gleason et al., 2011). To confirm the pathogenicity of 
the putative species collected in the present study, we must complete a modified 
Koch’s postulates on apples as described in Batzer et al. (2005).  
The present study thus adds to evidence that some SBFS taxa are restricted in 
geographic range whereas others are cosmopolitan. Batzer et al. (2012) recently 
reported that several SBFS species predominated for three consecutive years in apple 
orchards in Iowa in the central U.S., supporting the hypothesis that apple-producing 
regions can be characterized by distinct assemblages of major species. The discovery of 
five additional species in the present study highlights the importance of understanding 
a region’s species complex, since SBFS species can have unique environmental biology, 
including differences in sensitivity to fungicides (Batzer et al. 2010; Batzer et al. 2012; 
Tarnowski et al. 2003). Once the predominant SBFS species in a region are known and 
their environmental biology bas been characterized, SBFS management strategies for 
that geographic region may be modified to become more efficient and sustainable.  
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This survey provides a foundation for a more systematic, intensive survey across 
multiple orchards, years, and management regimes (Díaz Arias et al. 2010) which would 
clarify the biogeography and regional patterns of SBFS biodiversity in the Black Sea 
Region of Turkey.  However, the present study revealed the prevalent as well as some 
of the less common species in the SBFS complex in northeastern Turkey.   
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Table 1. Species, number of isolates, and distinguishing morphological characters of sooty blotch  
 
and flyspeck fungi isolated from apples from Rize Province in northeastern Turkey. 
 
    Morphology 
Species 
GenBank 
accession 
No. 
b
 
Conidia 
(µm)
c
 
Diameter 
growth 
(mm)
d
 Colony  
Chaetothyriales sp. F1a JX014309 
JX042486 
20.5-28.5 x 
2.5-3 
9.0-22.0 dark brownish/sooty black, loosely convoluted, black 
margins 
Scleroramularia abundans FR716676 
FR716667  
24.5-33 x                         
1.5-2  
19.0-21.5 white to pale grey, surface cracks showing black interior,  
pale white-pink feathered margins, sclerotia produced 
Peltaster fructicola JQ358792 
JX042485 
6-8.5 x 2-3 19.0-23.0 dark olive, mounded, brownish to cream yeast-like 
undergrowth, pale yellow pigment produced 
Microcyclospora tardicrescens JQ358790 
JX042484 
16-20 x                           
1.5-2.0  
14.0-17.0 iron grey, bumpy, ridged, irregular margin 
Stomiopeltis-like sp. RS4.1a JQ358787 
JX042482 
Sterile 12.0-16.5 dark olive grey, mounded, hard, irregular margins, yellow 
pigment produced 
Stomiopeltis-like sp. RS7.1a JQ358788 
JX042481 
Sterile 20.0-22.0 citrine drab color, velvety, flat, light olive gray margin with 
thin outer brownish olive ring, clay colored pigment 
produced 
Stomiopeltis-like sp. RS7.2 a JQ358789 
JX042483 
Sterile 25.0-29.0 grayish olive, velvety, flat, light olive gray margin, clay 
colored pigment produced 
Schizothyrium pomi JQ358786 
JX042476 
19-22.5 x                               
5-5.5 
19.0-25.0 dark olive gray, irregular cream margin  
Zygophiala sp. FS6 a JQ358783 
JX042479 
16.5-20 x                         
4.5-5.5 
14.0-17.0 olive gray, deep cream margins 
Zygophiala wisconsinensis  JQ358785 
JX042478 
15-18 x                                 
6-7 
35.0-50.0 tea green, thin  
Zygophiala sp. FS3.3 a JQ358784 
JX042477 
16-18 x                                  
6.5-7.5 
22.0-28.0 dark, thin, spreading with white aerial mycelium, pale 
yellow pigment produced 
Microcyclosporella mali JQ358791 
JX042480 
22-31 x                                     
2-3 
6.0-21.0 light grayish olive aerial mycelia, gelatinous, zonate, 
convoluted, margin is olive gray, sucked up media from 
plate 
a Putative species. 
b GenBank accession numbers for the rDNA ITS and LSU regions of representative isolates.  
c Conidia were obtained from 5-to10-day-old growth under fluorescent light on CLA at 24°C.  
d Diameter of colonies measured after 4 weeks in darkness on MEA at 24°C. 
e Colony appearance and color described after 4 weeks of growth in ambient light on PDA at 
24°C. 
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Figure 1. One of 1,064 most parsimonious trees using partial LSU sequences (844 bp) 
from SBFS species and other ascomycetes obtained from GenBank. Taxa in bold were 
obtained from infected apples from the Rize region of NE Turkey. Taxa designated by * 
were identified previously as members of the SBFS complex. Tree is rooted to Peziza 
vesiculosa (NG027570). Bootstrap values >70% derived from the 1,000 replications are 
indicated above branches. Strict consensus branches are thickened. Gaps were treated 
as missing data. Parsimony informative characters = 264; Tree length (TL) = 1290; 
Consistency index (CI) = 0.4116; Homoplasy index (HI) = 0.5884; Retention index (RI) = 
0.7549. Peziza vesiculosa (NG027570) was used as the outgroup taxon. The tree was 
divided into two parts, 1a and 1b, to permit sufficient resolution for reading taxon 
names.  
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Figure 2. Chaetothyriales sp. F1. a. Colony on PDA. b. Budding conidia. c-e. 
Scolecospores on CLA. Scale bars: b - d. = 5 µm, e. = 10 µm.  
 
Figure 3. One of five most parsimonious trees determined from ITS sequences (555 bp) 
from Scleroramularia anamorph isolates obtained from SBFS signs on fruit. Tree is 
rooted to Guignardia mangiferae (AB454360). Gaps were treated as a fifth base. 
Parsimony informative characters = 30; TL = 231; CI = 0.9524; HI = 0.0476; RI = 0.8830. 
Strict consensus branches are thickened. Bootstrap values >60% from 1000 replicates 
are indicated above branches. Taxa in bold were recovered from apples infected with 
SBFS in Turkey. Other isolates were recovered from SBFS colonies from the U.S. and 
China.    
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Figure 4. Scleroramularia abundans. a. Colony on PDA. b-d. Chains of conidia (note 
hyphal bridge in c) on CLA. Scale bars = 5 µm 
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Figure 5. One of 20 most parsimonious trees determined from ITS sequences (499 bp) 
from Peltaster anamorph isolates obtained from SBFS signs on fruit. Tree is rooted to 
Graphiopsis chlorocephala (EU009458). Gaps were treated as a fifth base. Parsimony 
informative characters = 225; TL = 412; CI = 0.8714; HI = 0.1457; RI = 0.9197. Strict 
consensus branches are thickened. Bootstrap values >60% from 1000 replicates are 
indicated above branches. Taxa in bold were recovered from apples infested with SBFS 
in Turkey. Other isolates were recovered from SBFS-infected apples in the U.S., 
Germany, and Serbia.  
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Figure 6. Peltaster fructicola. a. Colony on PDA. b. Budding conidia on CLA. c. 
Germinating conidia on CLA. Scale bars: b. = 10 µm, c. = 5 µm. 
 
Figure 7. One of 1845 most parsimonious trees determined from ITS sequences (481 
bp) from Microcyclospora anamorph isolates obtained from SBFS signs on fruit. Tree is 
rooted to Teratosphaeria cryptica (GQ852682). Gaps were treated as a fifth base. 
Parsimony informative characters = 13. Bootstrap analysis was performed using 1000 
trees. TL = 132; CI = 0.9621; HI = 0.0379; RI = 0.8438. Strict consensus branches are 
thickened. Bootstrap values >60% from 1000 replicates are indicated above branches. 
Taxa in bold were recovered from apples infected with SBFS in Turkey. Other isolates 
were recovered from SBFS colonies on fruits from the U.S., Germany, Slovenia, and 
Serbia.  
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Figure 8. Microcyclospora tardicrescens. a. Colony on PDA. b, c. conidia on CLA. d. 
conidiogenous cell giving rise to conidia on CLA. Scale bars = 5 µm 
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Figure 9. One of three most parsimonious tree determined from ITS sequences (527 bp) 
obtained from SBFS isolates with sterile mycelia. The tree is rooted to Mycosphaerella 
bixea. Gaps were treated as a fifth state.  Characters 13 through 80 were eliminated due 
to insertions and deletions in the ITS1 region. Parsimony informative characters = 154. 
Tree length = 437; Consistency index (CI) = 0.6888; Homoplasy index (HI) = HI=0.3112; 
Retention index (RI) = 0.9028. Strict consensus branches are shown in bold. Bootstrap 
values >50% are indicated above branches. Taxa in bold were recovered from apples 
infected with SBFS in Turkey.  Taxa were included from Mark Gleason’s personal 
collection (designated GPC) at Iowa State University. Other isolates were recovered 
from ramose SBFS mycelial type colonies on apples in the U.S.  
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Figure 10. Stomiopeltis-like spp. a. Stomiopeltis-like sp. RS4.1 colony on PDA. b. 
Stomiopeltis-like sp. RS7.1 colony on PDA. c. Stomiopeltis-like sp. RS7.2 colony on PDA. 
 
Figure 11. One of four most parsimonious trees determined from ITS sequences (479 
bp) obtained from Zygophiala anamorphs obtained from SBFS signs on fruit. The tree is 
rooted to Teratosphaeria nubilosa (AY534223). Gaps were treated as a fifth state. 
Parsimony informative characters = 36; TL = 154; CI = 0.9156; HI = 0.0844; RI = 0.9440. 
Strict consensus branches are thickened. Bootstrap values >60% from 1000 replicates 
are indicated above branches. Taxa in bold were recovered from apples infected with 
SBFS in Turkey.  Other isolates were recovered from SBFS colonies on apples in China 
and the U.S.  
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Figure 12. Schizothyrium pomi and its Zygophiala anamorphs. a. S. pomi colony on PDA. 
b. S. pomi conidiophores and conidia on CLA. c. Zygophiala sp. FS6 colony on PDA d. 
Zygophiala sp. FS6 conidia on CLA. e. Z. wisconsinensis colony on PDA. f. Z. 
wisconsinensis conidia on CLA g. Zygophiala sp. FS3.3 colony on PDA. h. Zygophiala sp. 
FS3.3 conidiophores and conidia on CLA. Scale bars = 5 µm.  
 
Figure 13. One of 217 most parsimonious trees determined from ITS sequences (469 
bp) of Microcyclosporella isolates obtained from SBFS signs on fruit. Isolates from 
Turkey are shown in bold. Tree is rooted to Mycosphaerella madeirae DQ302976. Gaps 
were treated as a fifth base. Parsimony informative characters = 12; TL= 37; CI = 
0.8919; HI = 0.1081; RI = 0.9200. Strict consensus branches are thickened. Bootstrap 
values >60% from 1000 replicates are indicated above branches. Taxa in bold were 
recovered from apples infested with SBFS in Turkey. Other isolates were recovered 
from SBFS signs on fruit from the U.S., Germany, Poland, Slovenia, and Serbia.  
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Figure 14. Microcyclosporella mali. a. Isolate T40Dc2d colony on PDA b-d. Conidia with 
microcyclic conidiation on CLA. Isolates: b. T62Dc1d, c. T54D1c, d. T40Dc2d. Scale bars: 
b, c. = 5, d. = 10 µm. 
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CHAPTER 3. EVALUATION OF A DISEASE-WARNING SYSTEM BASED ON RELATIVE 
HUMIDITY FOR MANAGING SOOTY BLOTCH AND FLYSPECK OF APPLE IN IOWA. 
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SUMMARY 
A field study in an Iowa orchard during 2010 and 2011 resulted in the first 
evaluation of a recently proposed warning system for sooty blotch and flyspeck (SBFS), 
a fungal disease of apples. When on-site measurements of the duration of periods of 
relative humidity (RH) >97% were used as input data, the warning system saved an 
average of 2.5 fungicide sprays per year and resulted in disease control equivalent to a 
conventional calendar-based spray schedule. When RH input data was remotely 
estimated based on measurements from nearby weather stations, SBFS incidence in 
2010 was unacceptably high. Improved accuracy of remote estimation of RH in 2011 
resulted in equivalent control to the calendar-based schedule and saved 3 sprays. We 
also demonstrated that measurement variability among RH sensors could be reduced 
substantially by changing the system’s threshold from 97% to 90% RH. 
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ABSTRACT 
In 2010 and 2011, a warning system for sooty blotch and flyspeck (SBFS), a 
fungal disease complex of apple, using the duration of periods of relative humidity (RH) 
>97% as an input variable, was validated in an Iowa orchard. The trial compared on-site 
RH measurements with site-specific RH estimates as system inputs, and also compared 
strobilurin-containing fungicides with a tank mix of thiophanate-methyl plus captan in 
implementing the system. Using on-site RH measurements, the warning system saved 
three and two sprays in 2010 and 2011, respectively, compared to calendar-based 
spray timing, and resulted in equivalent control of SBFS. Comparison of data from 
adjacent RH sensors in the orchard demonstrated that variability in sensor performance 
was reduced by 55% when the system’s RH threshold was lowered from 97% to 90%. In 
2010, using site-specific RH data estimated from nearby weather stations as inputs 
substantially underestimated hours of RH > 97%, resulting in a control failure under 
moderate SBFS pressure. In 2011, after improving accuracy of the site-specific 
estimation system, three fungicide sprays were saved compared to the calendar-based 
treatment while providing equivalent control of SBFS. In the warning-system 
treatments, strobilurin-containing fungicides resulted in control of SBFS that was 
equivalent to or better than the thiophanate-methyl plus captan tank mix. 
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INTRODUCTION 
Sooty blotch and flyspeck (SBFS) is a mid- to late-season fungal disease of apple 
that blemishes the fruit surface, reducing fresh-market value of the crop. In the Upper 
Midwest region of the U.S., including Iowa, SBFS is the main target of fungicide sprays 
every 10 to 14 days from shortly after petal fall until harvest, which can result in as 
many as 9 sprays per season for late-harvested varieties.  
Disease-warning systems are IPM tools that can help growers to reduce 
fungicide spray frequency while maintaining acceptable disease control.   These 
systems typically estimate the level of risk of economic damage from the disease using 
information about the host, pathogen, or growing environment. The first warning 
system proposed for SBFS, developed in North Carolina, was driven by cumulative 
hours of leaf wetness duration (LWD) (Brown and Sutton 1995, Duttweiler et al. 2008). 
A later modification, termed the Sutton-Brown-Hartman model, recommended 
delaying the second-cover fungicide spray until 175 hours of LWD had accumulated 
following the first-cover spray (Hartman 1995). After the action threshold was reached 
for each system, subsequent fungicide sprays followed a calendar-based schedule until 
harvest.  
During 2001-2002 field trials in commercial orchards in the Upper Midwest 
(Iowa, Wisconsin, and Illinois), the Brown-Sutton-Hartman warning system resulted in 
higher SBFS incidence than with conventional calendar-based spray programs in 12 of 
28 site years (Babadoost et al. 2004). In order to reduce control failures, Duttweiler et 
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al. (2008) revised the Brown-Sutton-Hartman system for the Upper Midwest. Based on 
15 site-years of data from orchards in Iowa and Wisconsin, statistical analysis indicated 
that cumulative hours of relative humidity (RH) >97% predicted timing of the first 
appearance of SBFS signs in Iowa and Wisconsin more accurately than LWD, rainfall, 
and/or temperature. The Gleason-Duttweiler warning system substituted 192 
cumulative hours of RH > 97% for the Brown-Sutton-Hartman system’s LWD criterion in 
timing the next fungicide spray applied after the first-cover spray (Duttweiler et al. 
2008). However, the Gleason-Duttweiler warning system has not yet been validated in 
field trials. 
A primary hurdle for growers who seek to implement a disease-warning system 
is overcoming the challenges of on-farm weather monitoring. Growers who have 
battled disease control failures from poor-quality weather data due to downloading 
failures, dead batteries in dataloggers, and poorly calibrated sensors may hesitate to try 
warning systems again. A potential solution to do-it-yourself weather monitoring is site-
specific weather estimation using data from existing public-sector weather station 
networks, Geographic Information Systems mapping technology, and meteorological 
models. Although site-specific weather estimation has been available commercially for 
nearly 20 years (Gleason et al. 2009, Cooley et al. 2011), it remains a developing 
technology.     
Many Midwest growers currently depend on the broad-spectrum fungicides 
thiophanate-methyl and captan for SBFS control. However, classification of 
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thiophanate-methyl as a possible human carcinogen, and resistance by the bitter rot 
pathogen, Colletotrichum acutatum, limit its usefulness against fruit rots (Jones et al., 
1996). Furthermore, captan is highly toxic to fish and export restrictions are imposed 
upon its use for apples. Strobilurin fungicides are classified as reduced-risk and are 
effective against SBFS fungi (Rosenburger et al., 2002), but their suitability for use in 
implementing the Gleason-Duttweiler warning system has not been evaluated.  
The objectives of the present study were to 1) evaluate the Gleason-Duttweiler 
warning system for SBFS in Iowa and 2) evaluate the warning system’s performance 
using alternative sources of RH data and strobilurin-containing fungicides.  
 
MATERIAL AND METHODS 
Field Design 
Field trials were conducted in 2010 and 2011 at Iowa State University’s 
Horticulture Station (42.109375,-93.587465) near Gilbert, Iowa. The orchard consisted 
of 25-yr-old ‘Golden Delicious’, ‘Red Delicious’, ‘Jonathan’, and ‘McIntosh’ trees on M.7 
rootstock (12 x 25 ft spacing). All plots including controls were sprayed with Rally 40 
WSP (relatively inactive against SBFS fungi) at 5 oz/acre to control apple scab (Venturia 
inaequalis) and rust (Gymnosporangium juniperi-virginianae) from tight cluster through 
petal fall. Treatments (Table 1) were replicated five times in a randomized complete 
block design. Each subplot consisted of five adjacent trees of a single cultivar; the tree 
on each end of the subplot was used as a guard tree.  
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Reduced-risk fungicide treatments  
Strobilurin-containing fungicides pyraclostrobin and boscalid (Pristine 38 WG at 
1 lb/acre) and trifloxystrobin (Flint 50 WG at 2 oz/acre) were compared to a tank mix of 
captan (Captan 80 WDG at 3.7 lb/acre) and thiophanate-methyl (Topsin M 4.5 FL at 15 
fl oz/acre). Strobilurin-containing fungicides were applied only as the first and second 
cover sprays, bracketing the start and end, respectively, of the no-spray period 
determined by the warning system. Subsequently, captan tank mixed with thiophanate-
methyl was applied as cover sprays until harvest. Control treatments were as follows: 
no fungicide sprays after first cover; and calendar-based (biweekly) sprays using captan 
tank mixed with thiophanate-methyl. All fungicide treatments were applied according 
to label directions using 200 gallons of water per acre with an airblast sprayer. 
Warning system treatments  
Ten days after petal fall, the monitoring period for the warning system began 
with application of the 1st-cover spray. The warning system was followed as suggested 
by Duttweiler et al. (2008) in extending the period between 1st- and 2nd-cover sprays 
until 192 hours of RH > 97% had accumulated since 1st cover, counting only periods in 
which a minimum of  4 consecutive hours of RH > 97% had occurred. This 4-hour 
criteria, first introduced with the Brown Sutton warning system, was based on a 
requirement of 5 hours of LWD for germination of conidia of Zygophiala jamaicensis, a 
widely occurring SBFS species (Brown and Sutton, 1995). Once the 2nd-cover spray was 
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applied, subsequent fungicide sprays were applied every 10 to 14 days until the pre-
harvest interval was reached.  
We use two alternative sources of RH data: on-site measurements and site-
specific estimates. For on-site measurements, spray timing was based on RH 
measurements using WatchDog A-Series RH sensors (Spectrum Technologies, Plainfield, 
IL, USA) that were placed at 1.5-m height within a tree canopy. For remote estimates, 
spray timing was based on estimated RH using a web-based decision tool developed in 
cooperation with Penn State University that relied on data obtained from nearby 
automated weather stations. In 2010, the website decision tool estimated RH from an 
U.S. Federal Aviation Administration (FAA) weather station located nearest to the field 
trial site in Ames, IA (41.996315,-93.622141). In 2011, due to substantial 
underestimation of duration of periods of RH > 97% using the nearest FAA weather 
station in 2010, the decision tool estimated RH using Real-Time Mesoscale Analysis 
utilizing RH data estimated from FAA weather stations, radar, and satellite surface 
observations maintained by the National Weather Service (Silver Spring, MD, USA). 
Data analysis 
At harvest, 50 fruit per tree (25 from the top half and 25 from the bottom half 
of the canopy) from the center 3 trees of each subplot were sampled and scored for 
SBFS incidence (% apples with SBFS). In both years, treatments were compared using 
the PROC GLM procedure of SAS (SAS Institute, Cary, NC), and comparisons were made 
using Fisher’s LSD.  
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RESULTS AND DISCUSSION 
Warning system performance 
Using on-site RH sensors, the Gleason-Duttweiler warning system saved 3 and 2 
fungicide sprays in 2010 and 2011, respectively, compared to the calendar-based 
treatment, while providing statistically equivalent and commercially acceptable control 
of SBFS (Table 1). In both years, strobilurin-containing fungicides controlled SBFS as 
effectively as the thiophanate-methyl + captan tank mix when used for the 1st- and 2nd-
cover sprays in conjunction with the warning system. Using remotely estimated RH as 
inputs, the web-based decision tool severely underestimated hours of RH > 97% in 
2010, resulting in SBFS control failure in these treatments. After modification before 
the 2011 growing season, the web-based decision tool  saved 3 fungicide sprays 
compared to the calendar-based treatment, while providing equivalent control of SBFS 
under very light SBFS pressure. 
Variation among sensors at high RH 
On-site RH measurements were made with 2 and 3 adjacent RH sensors within 
each tree canopy in 2010 and 2011, respectively. On average, sensors within the same 
site varied by >3 and 9 days in 2010 and 2011, respectively, in reaching the spray 
threshold. This wide range of variability among sensors raised concerns that the use of 
RH sensors at the 97% threshold could lead to control failures when growers 
implement the warning system in orchards using a single sensor. We therefore 
simulated reduction of the RH threshold to 90%, a level at which the quality and 
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consistency of data are likely to be more reliable based on manufacturer’s 
recommendations (www.specmeters.com). Also, Sentelhas et al. (2008) demonstrated 
that a threshold of RH > 90% can estimate leaf wetness with acceptable accuracy. An 
analysis of the RH data input to the warning system was compared using 90% and 97% 
thresholds at each sensor’s trigger date. By lowering the RH threshold from 97% to 
90%, the average standard deviation of hours between sensors at each location was 
reduced by 52% and 59% in 2010 and 2011, respectively. This analysis indicates that, if 
a 90% RH threshold is substituted for the 97% threshold, sensor-to-sensor variability 
will be minimized sufficiently to allow the Gleason-Duttweiler warning system to 
perform reliably. However, this assumption must be verified by additional field trials 
over multiple sites and years. 
Conclusion 
The present study resulted in the first field evaluation of the Gleason-Duttweiler 
warning system while giving some insights into simplifying the algorithm for its 
adaption to site-specific estimation platforms. Continued evaluation of the modified 
warning system based on cumulative hours of RH > 90% must be completed in field 
trials over multiple sites and years before it can be recommended for grower use.   
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Table 1. Effects of reduced-risk fungicides and alternative sources of weather data on 
performance of the Gleason-Duttweiler warning system for sooty blotch and   flyspeck. a 
    
2010 
 
2011 
Trt. 
Spray trigger 
for 2
nd
  cover Fungicide  
Rate / 
acre 
Number 
of sprays 
b
 
SBFS 
incidenc
e (%)   
Number 
of  sprays 
SBFS 
incidenc
e (%) 
1 No spray 
c
 None  0    86.6 c 
d
   0 25.1 b 
2 Calendar 
e
 
Captan 80 WDG + 
Topsin M 4.5 FL 
3.7 lb + 
15 fl oz 8  0.7 a 
 
6   0.2 a 
3 Measured RH
 f
 
Captan 80 WDG + 
Topsin M 4.5 FL 
3.7 lb + 
15 fl oz 5  4.3 a 
 
4   0.1 a 
4 Measured RH Pristine 38 WG 
g
 1 lb 5  1.1 a 
 
4   0.2 a 
5 Measured RH Flint 50 WG 
g
 2 oz 5  1.9 a 
 
4   0.9 a 
6 Estimated RH 
h
 
Captan 80 WDG + 
Topsin M 4.5 FL 
3.7 lb + 
15 fl oz 1    77.8 c 
 
3   4.1a 
7 Estimated RH  Pristine 38 WG
 g
 1 lb 1    47.8 b 
 
3   1.2 a 
8 Estimated RH Flint 50 WG
 g
 2 oz 1    76.6 c 
 
3   6.8 a 
LSD 
    
   12.8 
  
  9.3 
a Trials conducted at the Iowa State University Horticulture Station near Gilbert, IA. 
b Number of fungicide sprays after 1st cover. 
c No fungicides after first cover  
d Means within column followed by the same letter are not significantly different (p < 0.05). 
e Cover spray applied every 14 days. 
f Second-cover spray timing based on relative humidity data from dataloggers placed in orchards. 
g The fungicides shown were applied only as the first and second cover sprays, bracketing the start and end, respectively, of the 
period determined by the SBFS warning system. Subsequently, Captan 80 WDG + Topsin M 4.5 FLwas applied as cover sprays 
following second cover. 
h Second-cover spray timing based on relative humidity data remotely estimated for the location by the web-based decision tool 
(www.cei.psu.edu/sbfs). 
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CHAPTER 4. GENERAL CONCLUSIONS 
Sooty blotch and flyspeck (SBFS) is a fungal disease complex that causes 
significant economic damage to apple growers in humid regions worldwide. The 
rationale for the presented research was to advance understanding of SBFS diversity in 
Turkey and validate alternative management strategies in Iowa.  
The research conducted provided the first insights into the composition of the 
SBFS species assemblage in Turkey, which is among the world’s leading apple-producing 
nations. In this study, twelve species were delineated based on parsimony analysis of 
rDNA sequences and morphology. This study expands the documented extent of 
genetic diversity within the SBFS complex and provides a foundation for a more 
systematic, intensive survey across multiple orchards, years, and management regimes 
(Díaz Arias et al. 2010).  Members of the SBFS complex differ in fungicide sensitivity 
(Tarnowski et al. 2003), temperature optimal (Hernandez et al. 2004, Batzer et al. 
2010), phenology (Batzer et al. 2012), and biogeography (Díaz Arias et al. 2010). 
Knowledge of the SBFS species present in the Black Sea Region of Turkey will aid in the 
development of region-specific disease management strategies.  
To account for regional climatic differences, the Gleason-Duttweiler SBFS 
warning system was previously developed for the Upper Midwest United States. 
Cumulative hours of relative humidity >97% was empirically determined to more 
accurately predict the timing of first appearance of SBFS in the Upper Midwest than 
temperature, rainfall, and LWD (Duttweiler et al. 2008). The present study resulted in 
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the first field evaluation of the Gleason-Duttweiler warning system while providing 
insights into simplifying the algorithm for better performance using site-specific 
estimation platforms. Continued evaluation of the modified warning system based on 
cumulative hours of RH > 90% must be completed, using multiple RH sensors in each 
location, in field trials over multiple sites and years before it can be recommended for 
grower use.   
 
LITERATURE CITED 
Batzer, J.C., Rincon, S.H., Mueller, D.S., Petersen, B.J., Le Corronc, F., McManus, P.S., 
Dixon, P.M., and Gleason, M.L. 2010. Effect of temperature and nutrient concentration 
on the growth of six species of sooty blotch and flyspeck fungi. Phytopathologia 
Mediterranea 49: 3-10.  
 
Batzer, J.C., Sisson, A.J., Harrington, T.C., Mayfield, D.A., Gleason, M.L. 2012. Temporal 
patterns of colony appearance and species diversity of sooty blotch and flyspeck fungi 
in Iowa apple orchards. Microbial Ecology 64:928-941. 
 
Díaz-Arias, M. M., Batzer, J. C., Wang Wong, A., Bost, S. C., Cooley, D. R., Ellis, M. A., 
Hartman, J. R., Rosenberger, D. A., Sundin, G. W., Sutton, T. B., Travis, J. W., Wheeler, 
M. J., Yoder, K. S. & Gleason, M. L. 2010. Diversity and biogeography of sooty blotch 
76 
 
and flyspeck fungi on apple in the eastern and midwestern United States. 
Phytopathology 100, 345-355 
 
Duttweiler, K.B., Gleason, M.L., Dixon, P.M., Sutton, T.B., McManus, P.S., and Monteiro, 
J. 2008. Adaptation of an apple sooty blotch and flyspeck warning system for the Upper 
Midwest United States. Plant Dis. 92: 1215-1222. 
 
Hernandez, S.M., Batzer, J.C., Gleason, M.L., Mueller, D.S., Dixon, P.M., Best, V., and 
McManus, P.S. 2004. Temperature optima for mycelial growth of newly discovered 
fungi in the sooty blotch and flyspeck complex on apples. Phytopathology 94:S41. 
 
Tarnowski, T. B., Batzer, J. C., Gleason, M. L., Helland, S. & Dixon, P. (2003). Sensitivity 
of newly identified clades in the sooty blotch and flyspeck complex on apple to 
thiophanate-methyl and ziram. Online. Plant Health Progress doi:10.1094/PHP-2003-
12XX-01-RS. 
 
 
 
 
 
 
77 
 
ACKNOWLEDGMENTS 
Special thanks to Mark Gleason, my advisor, for being an excellent mentor, 
providing me with the guidance needed to achieve my goals, and giving me the 
opportunity to become a published author. I thank Jean Batzer, my lab manager, for all 
her dedication to everything SBFS, for the countless hours of help, and for making my 
experience so successful. I would like to thank all the undergraduates, especially 
Jennifer Svendsen, for their unrelenting support. Finally, I would like to thank my wife 
Erin - the most important person in my life - for her encouragement, patience, and 
support.  
